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Parameter Estimation For Static Models
Of The Maypole Hoop/Column Antenna Surface

H. T. Banks

P. L. Daniel

E. S. Armstrong

ABSTRACT

We discuss theoretical and numerical results for spline based
approximation schemes employed in parameter estimation algorithms
for static distributed systems. A specific application involves
estimation of parameters in models for the antenna surface in the
deployable Maypole Hoop/Column antenna.
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U. T. Samks P. L.. Daiel 1.5. Armetroa
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Division of Applied Mathemtics Southern Methodist University flight Dynamics sad Cetral Diviuion
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ABSTRACT to what follows we describe a static Veremter
estimation problem associated with a distributed

we discus theortical 'ad numrical rmits model for the asceme surface. Onr efforts have
for splus. based approximation, schese employed is focuse5d am the develpment of compuatiosally .111-
parmoster ecstre algprithes for static distrt- clect methods, for determiniag Stiffness perameters
buted system. A specific application mnvolves sad/or the distributed load as the surface (e.g..
osciationmof pas, e is amodels for th saem through, the costrol ottiager/truseseystem).
surface to the deployabla maypole loep/CoLum Although we recognize the posible Importance of
ea" . eSslisAt state equatios (see. fet examle (11,121)

to describe surasce displacemnt sod are currently
Investigating the s of such models. ws have
choesm a liaear distributed model, as a sacrtig
pat for out steus. Oar assumed state equation.

4 ~liv.ere banI verlacleml fogs by
Methods for state and parameter estimetlo is ~a *0

distributed System models for large specs Strms- (1) &) fr dr doS 0
*tufts are of Imcrsestag Importance Is view of the 0

Inherent complexity in coat ilautw~e sod material
c, opMecias of suek structure*. The deployable relates the vertical displaemenat a (fromt hoop
Maypole Noop/Cou st-a (121 modee devol.-en Level u a 0) to the Stiffness (elastic) coefficient.
by the lsevels Corp. is me such examle. The 9 a g(r.6). ad the applied distributed load, f. to

"o"&m consists of a gold-plsued molybdamum addicio to essentia u(3R.1) a 0 (aloes the hoo)
reflective mesh surface stretched ower a cotisp- we, without lose of vaeftlity. take a a 0 at the
etibhoop that supplies the rigidity accessary, to iner circular beodary of the surface (r 3)
msala the outer circular shape of the mocem. since problem with easoigssems bodawcld
The sular m~rsoi-lUa surface (100.a. is tises my easily be treaformed to thi fogs by a
diameter) out Cid a telescoping celom which pro chm"g of variable. Finally. u(r.0) ft u(C.20 a
Video emchoring locations for the flexible Seeh 8(r). abohre g (or so approuiintiom for 6) is assumed
sad for cables that commect the top sod of the most hom from obsevtion along a single radial cord.
to the outer hoop snd che bottom med of the "at to
48 equally spaced radial graphie cord truss system ABSTRACT~ 3 TWATION M~UM
wo threegh the mub surface. n a ne csableshehd dsrbdhr aesmlrI
or control -Struvesr, define the shae of fourTh bddecidhreaestrM
separate paraboloid dishes Located -n the sufae spirit to =hS for dynaical System found in (31.
sod thus are of primary Importance Is th rflap [4) "1S, 161. (71; there one reformulates the
tie of accurate reflector surf ace control that s underlying system (a parameter dapeadest Partial
needed in cownwoutie applications. Fudamnt" dlf feroacal equation with boundary sad initial

* to the imp iomasatioa of a desired surface coat ig conditions) "as s abstract evolution equities
Gratioom ( through the adjustment of Geeal stringe)
Is me analysis of the current Stacess coefiluraclee (2 ;t) sA(q)u(t)
frum, "oesrstie obtained threo semselg() uo so.dsvtcee so the surface a althug interesting
dynamic stats estimecies ad comtrel problem wine In am appropriately chases Where Space Z. Ths
during the Initial stave of saa deployment sperecer A (woually involving Spatial dif ferent ia-
(from the collapsed "*Cam comfigutstim s inheb ties) mey depend s a vector 4 of parameters to he4 storage too" .5t of the speft htteLe). so will eStisated by, for wols, a least squire fit-to-
Concentrate hae so the static Ideatliclem preb- data criterlea. Fee the static sotems preblem we
lem that occur after exteeded periods of spereties. cam a sclars approach, in chet We reformulate (1)
Mae It Is antciipated cuat envirometal stresses so an abtract varletieeal squa ee ife & given by

amd the effects of aging will asotrihute to dopre-
detum sod thowges In material peopertie. the (3) tMqua - f.V *0 0

*static problem will Consist ac only of state Idea- oeeeeeuca ed o l sfwetatifitatims but the estimation of verume sateria hr h qice od o llvi oeoto
par e O Is eds related to %be structure. test finati m.



To construct approximate parameer eecinjiloe additional technical difficulties. to this case
problems. we choose1 appjomlmatt" wAbspeassZ to 9. ' p~~jwhr ~ ~r a
aold opWators £s - P , where YN Is the ortho- -i - I
gomal projectios of 2 onto 20. We thee obtain r" 40 f'00) sa sPIUM elements (linar cubic. etc..

epprmint l stae suatlessof he ormmodiftled to satisfy appropriate boundary conditios)
(4) -A8(q)u8 - Pot,.,, - defined oms aPartitioeing of (at. 921 sad (0.201.

X respectively. oae subttervats. Sims si Lc the bees
for u0 g to For 3 latte-dimaasta subspaes X. elemnts are GoV cennot prod"cts of OPlIUM elements.
the parameter estiation problem associated wiLth the 2-dlamosat analog of (7) involves the direct
(4) can offer significnt comptatsemal adatae product of baded macricee ad requires special
over the Original Identification problem, sePac- copttoa schme (got (1, 191).
ially when the app oxinases see such that the Wutu nextt an Imp lementatiLon of the
dimmees of ZO cam be taken.ial permnentrstimation problem for fixed V. netting

Assuming them that the On approximate pera- that the discusesion thue far hoa focused on the
weter esceleelo problem bee he". solVed for soes souto of (7) (or Ice Z-41mostsossl counterpart)
optiml paraeter in. we thue have a Sequence of One a choice of the paroee 3t LaI given. When It
prameters toi) for which we have beew able to is MshoOM, coaveacieMal opeiIAeL~tem *Chm (e.&.,
demnstrate Convergence (io as appropriate sesse) LovembrgN'.arudt) ay be applied to the problem
to a solutiom Ir of the Origina~l etiation Problem. of estiating it froe observations of the state via.
The convergence eele to. to be described in for example, a least square@ criterion c ets"
detail elsewhere. depend en properties of A ad Z by the approxmating stats eqr tinom in
end require several gemna assumtise em the pars- Tyiclly an initial guess 3Set he provided;
motor* ad the funtion f. thft opciaatioe schem thee goestee a *equeas

___(2w), requiring that the state equatjges (7) be
SPUN AUIOZZRTION O =9 eofvsd for each succesaive iterate ST. Cloely.

uiMNA uOSI~M the efficiency of the estimation offirt will depend
em the difficulty Involved to solving (7) at eech

To aPply the abstract freork dscribed step to this procesa in the I-dimes"Lone.L case.
* above to the problem of estimating. for esemple. we ms elplify this task by pithing a toppreeta-

the seiffeems coefficient I a a in the emem tins for 9,
problem, we first Indicate howm - computes epprout- K
matcions to the state forea gives value of 3 notin 3(r) .39~ jr
staderd a-OP1ne *Pecos Lill. (101. fill) es the kol
approxiationseubepeces 211 roe precisely, io Where N mad 4 ueually sPIne seemts) are choen
the I-disminal &emblem (where aopula symmetry atpior". The advastagee to this formulation *re

*is assumed). let 2" demote the eaof linear twefoldl We see" only Identify a finite nmer of
splime basis elements (54 ... &V. defimed en a scalar Paraetsers YV- k a I... .. 100) Lnstead of a
partities of (92.321 tit; 04" equa l ~aerls, gista 3 of r ad, since these coeff icients mill
where #I is the standard tines" elemt centered appear in frust of the integrals in the left-head
at *1 + S - 21)"1P (we Got* In this ease that side of (7), the requisite lstegratie sa Nee ot
each of the basis elemnts satisfies the hems. he repeated as each peraeter iterate is updated.

-w - bo hendwry conditios at ala %)* .BeeV rie that although the choice of temme t
winsf (4 as n Issoewmhat arbitrary, It has beeomome experieme

5- that highert order ePlIUMe lesmes (e.$.. cubic) aro
(5) 4Aq)u f,1vA .O moe* accurate and thua my be effectively utilized

WithSall Val""sof N. 4% Liiarr eatatios
or, equivalently. for 3 is als desirable In the 2-dlaemsieeal problem.

~23 WhIe we shall not ompass hero the tbher-
(6) 122t (g - Y(PIv) - rft rd. 0 tcaiaspects of orivestigations weremrk chat

atwe hove developed a coeverga theory for sp line
we soy exprese u 0In term of out basis aleents* based aigsrtn such as that just described. The

0-I6 6,undamenal ideas Involve variational inequalities
e~. tm  oi I£ £ d consider the (osteli systemi and *pineo approxiatin stites for inae ewder

1.111'cubic elements.

lot Sise we are currently in the process of
1 0 it ... olt nmarically teetiog atprite for the 2-diseasleasl

gutsare (3) my he comted for ach choice of model. we only pesant heren representative findings
t b a;I7Q standard teghaiques (e.g., Cholasky for the l-dlasssoel problem. ts this oxmmlo,

decoapoltlo.). We mote that ether sPIns "*"bee 'I a 5. 42 a 50, rad the epplied fomce to taken to
(cubic. qaainc elements, eC.) my als be seed, he f(r) a -. 0002r'*+S. Stlace the l-dinssioal
eh of which gsmerstes a useris for the left-hend mConerpert to (1) is equivalent to am ordinary
side of (7) Othe mibits a desirable baded segm diffINVeaslAL equnto ewe-poiset b6ounay Vaine
tog . problem, em independent method (a multiple "ohoetag*

The 2-diinLOMies satin problem my he sehoe) mee so"d ale"g with the "true Value of It.
epproached is a suMm asmer ete it Pose Vr) 0 2 - *s i e(-S). to generate s$ampe" data,

I.e., the values of a at 12 Observation points in



* 111, ~.Ff*I an initial quoe at I we atteePtod [31 H. T. Banks, J. 'I. Crowley. K. Kusiech, Cubic
to l~dE Itha stisieda V&I "Usae fit- splint approximation twchniques for parameter

*to-data crtterton. Ins eddtlos, we chose a cubic estimation to distributed systaua, LCDS
spline represetaton for I (910M a 6) so that our Tech. Rep. R1-25. grawn University. £961;
identifictation prokles bocss that of estlosting [13 ?rMSs. Aut.Control. to appear.
the coefficients Y:* k - 1,.,.in that repro-
euation. ]Fai co;rieriso below, Initial Sudess (6) N. T. Sasks sad F. L. Daniel. Parameter
ad *trueN soluions are aLe expressed In that estimatios of meal Sa~r oosutoomous distri-
fors. buted setn , 21b lim !tA. on

Unad t1 take Nw24 (linear splines) sadd 0.

' 1' V~, V4 17 . T. Banks ad It. gunacsb, A approximattom
theory for nonlinear partial differeaLa

Iaslaa sysa~t 0.001 0.001 0.001 0.001 e""tiome with applications to identification
ad control. LCDS Tack. Isp. 11-7. Droam Dae.

Conversed values 1.424 0.119 0.109 1.514 19611 SIMN J. Control ad Optlaiaatioe. to

-True Inv 1.467 0.113 O.UI3 1.487apersotLs
(63 C. do Mar. , cwi014

toas.le 21Nore 0*24 (Usear pUmse)i 11 it' (91 Gdo Ber. Sfficet computer se.LpatatIft of
.v Y4tenser products. AM( Trade. rats. Software.

Init" sesa 3.167 1.667 0.167 -1.333 110) P. . pratcer, t f .LtQtM 01

Co Maflt value 1.424 0.119 0.109 1.51A J. Vile,, NeM York 9

1.487 0.113 0.113 1.487 111) N. U. chau, RIA Iah5.ANIZ1L Prestice-6a~L,

Similar results fee a nmer of other teeo exepes 2.. Slews, IM UseC mNaolha,, been obtained. at Peas.art. M 4.

OPfHUnoI 1ANINCsts. tor Rieor 350 oemsract VASI
15763, Juse 1962, Washiagtow, VC.
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